Summary. Microspheres of various materials and diameters were transferred microsurgically to the rat oviduct on Day 1 of pregnancy and autopsies were done at various times thereafter up to Day 10 to assess the recovery and segmental distribution of microspheres and eggs in the genital tract or the viability of embryos. The number and distribution of eggs in the treated and control sides after unilateral transfers were not different on Day 4 and 5 and the number of embryos implanted on Day 10 was not significantly affected after bilateral transfers.
Introduction
The feasibility of designing a test to assess tubai transport in women by using surrogate ova rests to a large extent upon basic knowledge of the behaviour of spheroid particles in the oviduct of other species. Following the original work of Harper et al. (1960) the transfer of microspheres to the oviduct for studying their transport to the uterus as surrogate ova has been accomplished mostly in the rabbit. Pauerstein et al (1975) showed that surgical transfer changes the transport of native eggs. In addition, in this species the eggs and foreign particles are progressively covered by a layer of mucin after entering the isthmus (Greenwald, 1958; Croxatto et al, 1973; Hodgson et al, 1976; Bourdage & Haibert, 1984) . The external surfaces of native eggs and surrogates therefore become identical in quality. To the extent that surface properties could affect transport, the behaviour of surrogates in the rabbit may differ considerably from that in other species which lack mucin deposition. This is in fact the case in sheep (Bennett & Rowson, 1961) .
We therefore attempted the transfer of ovum surrogates to the oviducts of rats for which normal transport and transport modified by several experimental conditions have been well charac¬ terized (Alden, 1942; Ortiz et al, 1979; Croxatto et al, 1982; Forcelledo et al, 1981; Villalón et al, 1982) .
The objectives of this work were to determine: (1) the feasibility of transferring microspheres to the rat oviduct without affecting the transport and viability of native eggs; (2) open to expose the fimbria. The microsyringe, previously filled with 6 microspheres, was introduced through the ostium 1-2 mm into the infundibulum where the microspheres were released by pushing the plunger as illustrated in Fig. 1 . The periovarial sac was replaced around the ovary, the organs were returned to the peritoneal cavity and muscle and skin were sutured. Six Fig. 1 . Schematic illustration of the technique used to deliver microspheres to the lumen of the infundibulum of the rat oviduct after opening the periovarial sac. The size and proportions shown do not reflect accurately the actual dimensions detailed in 'Materials and Methods'. microspheres were transferred because this number provides sufficient data points and, together with the normal ovulation number, does not exceed the highest number of ova carried by one oviduct when the number ovulated per side is extremely asymmetric.
Assessment of transport. Animals were killed with an overdose of ether at the times indicated below. Oviducts and uterus were removed free of fat tissue and were flushed separately. In separating the oviduct from uterus care was exercised to leave the entire interstitial segment attached to the oviduct. In some experiments the oviducts were divided into 3 segments: ampulla, distal isthmus and proximal isthmus (proximal = closer to the uterus). Cuts were done at the ampullary-isthmic junction and mid-isthmus after the oviduct was straightened by gentle dissection under the operating microscope. A fourth segment (mostly interstitial segment) was obtained, as indicated, by cutting onequarter of a loop away from the external junction of the isthmus with the uterus. Each of these segments was flushed separately with saline (0-9% w/v NaCl) and the flushings were examined under low-power magnification to assess the number of microspheres and eggs recovered. Since starch microspheres become less visible after entering the uterus, probably due to enzymic degradation (Lindberg et al., 1984) , they were counted after adding a drop of Lugol solution to the flushings to turn them violet.
Statistical analysis. Differences in the number of eggs or microspheres between sides or between groups were analysed by the Wilcoxon one-or two-sample test (Conover, 1980) As shown in Fig. 4 , greater proportions of poly-LG and dextran microspheres had not reached the uterus on Day 5 compared to native eggs (Wilcoxon two-sample test). The distribution of starch and dextran blue microspheres was not different from that of the eggs. Six starch microspheres of 40-60 pm diameter were transferred to one oviduct of 42 rats and 6 starch microspheres of 180-200 pm diameter to the contralateral oviduct. The numbers of microspheres and eggs in oviducts and uteri were determined at 10:00 h on Days 2, 4 and 5, using onethird of the animals at each time.
As shown in Fig. 5 , besides an early loss of small microspheres there was no difference between large and small microspheres in their distribution along the genital tract from Day 2 to Day 5. The percentage recoveries of the large and small microspheres fluctuated between 88 and 100% and 51 and 62% respectively. The recovery and distribution of eggs (not shown) was nearly identical with that observed with the same class of microspheres in the previous experiments. In an attempt to account for 40% of smaller spheres already lost on Day 2, 6 small microspheres were transferred on Day 1 to each oviduct of 6 rats which were killed 3 h later. At this time 30% of the microspheres had been lost.
Discussion
This study demonstrates that the transfer of microspheres to the rat oviduct is feasible and ad¬ equate for studying the egg transport function of this organ since it does not disturb the process and the surrogates travel at a pace similar to the eggs. In addition, it shows that a substance layered by the oviduct on the external surface of ova and microspheres, as occurs in rabbits and other species (Blandau, 1969) , is not necessary to mimic ovum transport by foreign particles.
The transfer procedure affected neither the number nor the distribution of eggs recovered on Days 4 and 5 of pregnancy, when the treated side was compared with the control side. Furthermore the distribution of native eggs on Days 4 and 5 in rats subjected to unilateral or bilateral transfer is in agreement with previous findings in undisturbed animals in the same laboratory (Forcelledo et al, 1981) .
Embryo viability was not significantly affected, at least until Day 10 of pregnancy, by the transfer procedure or by the presence of starch microspheres in the vicinity of the eggs.
Experiments 3 and 4 showed that starch microspheres reach the uterus, at about the same time as the eggs, after being transported together along the oviduct. Microspheres and embryos were found intermingled in discrete oviducal segments, supporting the assertion of Alden (1942) In contrast with the rabbit, the rat oviduct did not exhibit differential transport of microspheres according to their size (Croxatto et al, 1973; Hodgson et al, 1976) . Doubling the diameter of surrogate ova (i.e. from 100 to 200 pm) caused significant changes in their rate of transport through the rabbit oviduct whereas in the rat a 3-4-fold increase (40-60 to 180-200 pm) made no difference in their time of appearance in the uterus. The physiological implication of this species difference is not clear. We believe that it reflects differences in the relative participation of ciliary, smooth muscle and secretory activities in the propulsive mechanisms and in the resistance to the movements of the luminal content.
The lack of effect of the transfer procedure or of the surrogates on the time course of transport of native embryos plus the fact that some microspheres, notably dextran blue and starch, mimic embryo transport quite well, makes this technique suitable for newer analysis of the transport function of the oviduct, particularly in the absence of native ova. The results reported warrant the testing of this technique in other mammals in which the eggs remain without oviducal coverings after ovulation.
